STUDY QUESTION: Do health-related knowledge, beliefs and self-efficacy differ between women with and without polycystic ovary syndrome (PCOS)?
Introduction
Polycystic ovary syndrome (PCOS) is a complex endocrine disorder whose symptoms and co-morbidities have far-reaching implications for the health of women across their lifespan (Fauser et al., 2012) . Rotterdam criteria for PCOS define the condition by the presence of at least two of three features: (i) oligo-or amenorrhea; (ii) hyperandrogenism; and (iii) polycystic ovarian morphology (Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, 2004) . Using these criteria, PCOS affects up to 10% of reproductiveaged women globally (Bozdag et al., 2016) and is established as an independent risk factor for cardiovascular disease, diabetes, infertility, endometrial cancer and obesity (Fauser et al., 2012) . Consequently, diet and physical activity (PA) modifications are recommended to treat PCOS symptoms and/or prevent the development of these adverse health outcomes (Moran et al., 2009; Harrison et al., 2011; Fauser et al., 2012) . Women with PCOS are frequently provided general behavioral advice, such as reducing high caloric and/or fat foods, and incorporating more PA (Humphreys and Costarelli, 2008; Jeanes et al., 2009) . Prior research has revealed that women with PCOS perceive these general diet and PA recommendations to be useful, but simultaneously vague and insufficient (Humphreys and Costarelli, 2008; Gibson-Helm et al., 2014) . Dissatisfaction with current recommendations suggest more targeted multidisciplinary interventions are needed to address barriers to adopting healthy practices in women with PCOS.
Studies in obese populations have established that effective interventions integrate a multidisciplinary approach (Ross et al., 2010; Montesi et al., 2016) . A major component of this approach is the use of theories to understand the patient's health-related knowledge, beliefs and self-efficacy (Ross et al., 2010) . Social Cognitive Theory (SCT) and the Health Belief Model (HBM) are two theories used in clinical and research settings to encourage behavior change (Bandura, 2004; Anderson et al., 2007; Deshpande et al., 2009) . SCT examines the interaction between personal, environmental and behavioral factors, while emphasizing self-efficacy (Bandura, 2004) . The HBM can be implemented in conjunction with SCT to examine beliefs toward a disease and/or a behavior (Janz and Becker, 1984) . Both theories maintain the assumption that cognitive (e.g. health-related knowledge) and affective (e.g. health-related beliefs, self-efficacy) factors are prerequisites for behavior change (Janz and Becker, 1984; Bandura, 2004) . This assumption is supported by several studies involving women without PCOS wherein knowledge, beliefs and self-efficacy (psychosocial constructs) were shown to influence adoption of behavioral modifications (Bunting and Boivin, 2007; Lo et al., 2015; Stacey et al., 2015; Teixeira et al., 2015) .
It remains unclear whether experiences related to PCOS impart additional psychosocial considerations when designing behavioral interventions. Unique concerns associated with PCOS may explain the high attrition rates in intervention studies (Sorensen et al., 2012; Mutsaerts et al., 2013) and less engagement in self-help methods (Jeanes et al., 2009; Kozica et al., 2013) . Currently, there is limited understanding about the actual health-related knowledge, beliefs and self-efficacy of women with PCOS, and whether PCOS is associated with poor perceptions of health behaviors. The few studies published to date report conflicting evidence about whether women with PCOS have different health-related beliefs relative to women without PCOS, despite experiencing poorer overall health and greater impairment from adverse health outcomes (Moran et al., 2010; Kozica et al., 2013) . To address this knowledge gap, we compared health-related knowledge, beliefs and self-efficacy between women with PCOS and a comparison group.
Materials and Methods

Ethical approval
The study was approved by the Institutional Review Board at Cornell University and all participants provided informed consent.
Participants
This project was an ancillary study of a larger observational investigation of the differences in diet and physical activity in women with and without PCOS (ClinicalTrials.gov Identifier: NCT01859663). Women were initially recruited through flyers posted in clinics throughout Tompkins County, New York, and through online local advertisements. Subsequently, recruitment was extended more broadly using several electronic platforms nationwide (Twitter, Facebook, Reddit, ResearchMatch) .
Inclusion criteria were female, 18-38 years of age, US residents, and self-reported history of predictable menstrual cycles or self-reported physician diagnosis of PCOS. Exclusion criteria included incomplete surveys, implausible (defined as <16 kg/m 2 or >80 kg/m 2 ) or missing body mass index (BMI) values, diagnosis of major chronic disease (such as diabetes, kidney disease and/or thyroid conditions), and/or a history of isolated oligo-amenorrhea (defined as unpredictable menstrual cycles and/or menstrual cycle length <20 or >35 days without a PCOS diagnosis). A participant was considered to have PCOS if she responded 'yes' to the item: 'Have you been diagnosed with PCOS by a medical professional?' Participants who responded 'no' and reported predictable menstrual cycles between 20 and 35 days were included in the comparison group. As such, PCOS status was based on self-report and not confirmed with clinical and/or biochemical data. This approach has been used in other studies (Kozica et al., 2013; Gibson-Helm et al., 2016) with the understanding that self-report may lead to random misclassification and an underestimate of true effect sizes. The large sample size employed in this study, and the validity of self-reported PCOS status as described by others , were expected to reduce random misclassification bias.
Instrument development
The 'Instrument for PCOS: Knowledge, Health-Related Beliefs, and SelfEfficacy' (I-PCOSK) was developed as an online instrument (Qualtrics©, Provo, UT, USA) over a 21-month period (June 2014 to March 2016). Items were developed using semi-structured interviews conducted by our research group, existing literature about women's experiences with PCOS (Humphreys and Costarelli, 2008; Moran et al., 2010; Weiss and Bulmer, 2011) and published instruments about health-related beliefs (Bandura, 1990; Wang et al., 2009 ; Centers for Disease Control and Prevention (CDC), 2011). The final instrument was comprised of 77 items designed using SCT and HBM constructs to assess (i) reproduction-, nutrition-and PCOS-related knowledge, (ii) beliefs about health outcomes and confidence in lifestyle behaviors and (iii) self-evaluation of current lifestyle (Supplementary Information Table S1 ). The majority of items were formatted as multiple choice questions or five-point rating scales. Items related to beliefs about the severity and inevitability of adverse health outcomes and evaluation of lifestyle behaviors were assessed on a continuous scale (1='disagree' to 5='agree'). For items about perceived susceptibility to adverse health outcomes, a value of 1 indicated 'much lower than average' and 5 indicated 'much higher than average'. Higher values on items assessing chances of getting adverse health outcomes denoted greater occurrences of thinking about adverse health outcomes (1='never' to 5='almost all the time'). For self-efficacy, higher values indicated greater confidence to perform a given dietary behavior (1='cannot do' to 5='certainly can do').
Reliability and validity of the I-PCOSK
Details about the development, and validity and reliability analyses of the I-PCOSK are presented in the Supplementary Information Materials. Testretest reliability was acceptable for all health-related knowledge, beliefs and self-efficacy constructs (Intraclass correlation coefficient 0.56-0.97) based on 12 participants who completed the I-PCOSK twice, 2 weeks apart during a pilot test. To examine the construct validity in the healthrelated beliefs and self-efficacy constructs, exploratory factor analysis was performed in the nationwide sample of women with PCOS (N = 786). Seven items were identified as being unrelated to latent factors in each psychosocial construct (with item loadings <0.50). Consequently, 14 items were eliminated in a stepwise manner and the 77 retained items with high commonality were observed to have high construct validity.
Statistical analyses for primary analyses
Statistical analyses were performed using SPSS 23.0 (IBM, Armonk, NY, USA), with the significance level threshold set at P < 0.05. Differences in demographics, self-reported anthropometrics, and health-related knowledge between women in the PCOS and comparison groups were analyzed with independent t-tests and/or Fisher's exact tests. Linear regression methods estimated the associations between PCOS status (exposure) with health-related beliefs and self-efficacy (outcomes). Each valid item in the I-PCOSK was analyzed as a separate regression model. Multiple linear regression (MLR) models were adjusted for potential confounders: age (continuous), BMI (categorical) and highest completed education level (categorical). Unadjusted and adjusted model estimates were compared to confirm the presence of covariates. Due to the potentially high interrelatedness of the items, a correction for multiple comparisons across models was not used (Rothman, 1990) . We also performed ordinal logistic regression analyses since the optimal approach for analyzing skewed data is not entirely clear (Norris et al., 2006) . Logistic regression analyses largely confirmed our results from the MLR analyses (Supplementary Information Table SII ). This was consistent with a previous study that compared results from linear and logistic regression models and demonstrated that both approaches commonly yield similar findings (Norris et al., 2006) . Although the ordinal logistic regression reported that women with PCOS had significantly poorer perceptions regarding their ability to 'prevent getting diabetes', this was not confirmed with the MLR. We elected to focus on the MLR results in this manuscript since the models fulfilled the assumptions of MLR analyses and the parameter estimates are easier to interpret.
Results
Women across the US (n = 786) responded to electronic advertisements for the self-administered I-PCOSK and 475 (69%) were deemed eligible to participate in the study. The study sample was comprised of female adults who were primarily white, with at least a high school education (Table I) . Women with PCOS (n = 255) were older, more likely to be obese and to have an advanced degree relative to the comparison group (n = 220, P < 0.01). Those excluded from the analysis (n = 311) were ineligible due to having a major chronic disease (n = 124), submitting incomplete surveys (n = 78), reporting a history of oligo-amenorrhea without a PCOS diagnosis (n = 50), ≤18 and ≥38 years old (n = 37), and/or meeting other exclusion criteria (n = 22).
Health-related knowledge in PCOS and relation to the comparison group
A majority of women with PCOS (>76%) correctly answered knowledge items related to ovarian physiology and function (Fig. 1) Relative to the comparison group, a greater percentage of the PCOS group correctly answered items related to knowledge of female reproductive hormones. By contrast, there were no differences in nutrition-related knowledge between the two groups. When responding to items about PCOS, participants with PCOS correctly answered items about evidence-based adverse health outcomes and treatments (Fig. 2) . Of the PCOS group, 131 (51.4%) participants correctly identified the three established diagnostic features of PCOS, though many also selected incorrect criteria as part of the PCOS diagnosis. Features that were incorrectly identified as diagnostic criteria included sudden weight gain (64%), insulin resistance (81%) and trouble losing weight (86%).
Health-related beliefs in PCOS and relation to the comparison group
The PCOS group reported high scores for perceived severity of cardiovascular disease, diabetes and endometrial cancer, indicating that these outcomes were considered to be serious health issues for this group (Table II) . Women with PCOS also reported they were at higher risk of developing adverse health outcomes. However, overall scores on the occurrence of thinking about cardiovascular disease and diabetes for this group fell between 'hardly ever' and 'usually' [2.55 (SD 1.19) and 3.21 (SD 1.13), respectively]. Women with PCOS were likely to believe that cardiovascular disease, diabetes and weight gain were preventable (mean scores ≥3.90), but not endometrial cancer and infertility (mean scores ≤2.60). These beliefs were further corroborated by their responses that a healthy diet and/or physical activity would reduce their risk for adverse health outcomes, except for endometrial cancer and infertility (Table II) . Nevertheless, the PCOS group was ambivalent about the importance of meeting diet and physical activity government recommendations. Sixty-four percent reported they searched for the MyPlate guidelines on the internet and fewer (47%) attempted to follow these recommendations, which was consistent with how the PCOS group rated the overall quality of their diet and lifestyle [3.12 (SD 1.00) and 2.86 (SD 1.04), respectively]. The PCOS group perceived greater severity of and susceptibility to endometrial cancer relative to the comparison group in both the unadjusted and adjusted regression models (Table III) . The addition of age, BMI and education to the adjusted model did not appreciably alter estimates from the unadjusted model. Women with PCOS felt more susceptible to adverse health outcomes and were more concerned about developing cardiovascular disease and diabetes relative to the comparison group (P < 0.01). Although the PCOS group reported poorer perceived control over cardiovascular disease and weight gain, this pattern was not observed for endometrial cancer and infertility as evidenced by the regression models. Women with PCOS were less likely to agree that a healthy diet or physical activity could reduce risk of weight gain relative to the comparison group (both P = 0.03), though the PCOS group placed greater importance in meeting national physical activity recommendations [adjusted model, β = 0.38 (SE 0.13), P < 0.01]. No differences were observed in how both groups rated their diet and lifestyle when accounting for age, BMI and education level. Health-related self-efficacy in PCOS and relation to the comparison group Women with PCOS were confident in their ability to incorporate lowfat, low-sodium and high-fiber food products, restrict refined sugar in the diet and eat smaller portions of food (Table II) . Although women with PCOS did not score as confidently on items related to resisting cues to eating compared to confidence to change one's diet, mean scores fell between 'possibly can do' and 'certainly can do'. No significant differences were observed in self-efficacy scores on items related to diet modification and resistance to eating cues between the PCOS and comparison groups in either the unadjusted or adjusted models (Table III) .
Discussion
Objectives of this study were to investigate health-related knowledge, beliefs and self-efficacy in women with PCOS. The PCOS group demonstrated basic understanding of female reproduction, current national diet recommendations and PCOS-related health risks and treatments. However, a majority of the women with PCOS did not correctly identify established PCOS diagnostic criteria. Overall, women with PCOS had significantly less optimal health-related beliefs relative to the comparison group but did not differ in their healthrelated self-efficacy.
Our study provides evidence that women with PCOS have some misconceptions surrounding criteria used to diagnose this condition. The high percentage of women who identified unestablished criteria as diagnostic may reflect current disagreements and/or confusion related to the actual clinical spectrum of PCOS among clinicians and researchers (Azziz, 2006; Teede et al., 2014) . In a recent publication documenting the PCOS diagnosis experience, a significant proportion of patients reported formal assessments by three or more health professionals occurring over several years prior to obtaining a formal diagnosis (Gibson-Helm et al., 2016) . The relatively long time to diagnosis and interaction with multiple specialists would be expected to engender some degree of confusion among patients related to how their diagnosis was ultimately established. In particular, features related to body weight were selected as a diagnostic for PCOS by many women in this study, which may explain why the PCOS population was less likely to engage in self-help methods (Jeanes et al., 2009; Kozica et al., 2013) . In a recent qualitative study with obese participants, those who expected failure with weight loss experienced more unsuccessful attempts (Hollywood and Ogden, 2016) . Similarly, we hypothesize that women with PCOS may become less motivated to adopt healthy behaviors if they feel they are predisposed to have weight issues. Although the effect sizes on items regarding impact of diet and PA on weight gain prevention were small, they were statistically significant across constructs. This pattern suggests that despite believing that healthy behaviors decrease risk of weight gain, the PCOS group felt they had significantly poorer control over their weight relative to the comparison group, which is more indicative of perceived inevitability of this condition. Participants also did not follow a self-described 'good' quality diet. Focusing on the known success of weight loss interventions in women with PCOS and providing strong encouragement about health-related issues from healthcare providers may represent In general, how healthy is your overall ________________? Diet 1 (poor) to 5 (excellent) 3.12 ± 1.00 3.27 ± 1.00 <0.10 Lifestyle 2.86 ± 1.04 3.18 ± 0.99 <0.01
Self-Efficacy: Please select how confident you are in your ability to do the following things FOR THE NEXT MONTH.
Incorporate low-fat foods into my diet.* 1 (cannot do) to 5 (certainly can do) 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 0.87
Incorporate low salt foods into my diet.* 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 0.35
Decrease the amount of refined sugar in my diet.* 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 0.24
Eat more high-fiber foods.* 5.00 (4.00, 5.00) 5.00 (4.00, 5.00) 0.24
Eat smaller portions at dinner.* 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 0.20 It is important for me to meet government ________________ recommendations. Although informed about their elevated risk for adverse health outcomes, women with PCOS are provided with government diet recommendations for the general population (e.g. avoid high-fat meals, reduce intake of unhealthy snacks) that they perceive as inadequate (Cussons et al., 2005; Humphreys and Costarelli, 2008; Jeanes et al., 2009) . Our study showed that the PCOS group was ambivalent about meeting government diet recommendations. Fewer than half of the PCOS group attempted to follow these recommendations, despite being more concerned about developing adverse health outcomes relative to the comparison group.
Our findings also point to potential incongruences between attitudes toward government recommendations and self-efficacy of behavior performance in PCOS. Namely, participants with PCOS reported higher scores on self-efficacy items related to general diet recommendations in contrast to other dietary behaviors, though they did not usually adopt these behaviors. Further investigation is needed to explore whether attitudes toward diet recommendations may explain why women with PCOS are not practicing these dietary behaviors despite having confidence that they could successfully adopt the recommendations.
Endometrial cancer emerged a health concern for which women with PCOS may require further education. The PCOS group reported that they were more susceptible to endometrial cancer, but felt limited in their ability to prevent this condition. Despite consensus in the field that PCOS patients are at greater risk for endometrial cancer, very few clinicians reported this disease as their most important concern compared to other adverse health outcomes for PCOS (Fauser et al., 2012; Conway et al., 2014) . This finding is reflected in interviews with patients with PCOS who expressed receiving inadequate care for health outcomes outside of infertility (Humphreys and Costarelli, 2008; Weiss and Bulmer, 2011) . Factors recognized to reduce risk of endometrial cancer (lifestyle modifications, hormonal contraception) are prescribed to women with PCOS to treat their reproductive and metabolic complications (Cussons et al., 2005; Ding et al., 2016) . However, our study suggests that women with PCOS may be unaware of the additional health benefits of these treatments.
Strengths of this study include the multiple recruitment methods used to administer the questionnaire, allowing opportunities to reach a variety of potential respondents. We also employed statistical models that accounted for significant sociodemographic differences between groups enabling us to address the main effect of PCOS on psychosocial constructs. Our emphasis on 'PCOS identity' is also an important strength. Previous studies outside of PCOS support the idea that identity influences health-related psychosocial factors and behaviors (Hooker et al., 2012; Grabowski, 2013) . The participants involved in this study self-identify as having PCOS based on diagnosis made by a medical professional and would be expected to consider a professional medical opinion as a valid basis for their PCOS diagnosis.
Limitations include the study relying on participant self-selection particularly those with access to internet and interest in study participation, which can contribute to bias. Most of the participants also identified as non-Hispanic whites, which reduces the generalizability of the results to other racial and ethnic groups. There is some evidence that the prevalence of PCOS and metabolic outcomes vary by race and ethnicity, which may create race-ethnic differences in healthrelated knowledge, beliefs and self-efficacy in PCOS (Williamson et al., 2001; Hillman et al., 2014) . Generalizability of the results may also be limited due to the convenience sampling approach employed in this study. However, to our knowledge, there is currently no evidence that health-related beliefs associated with PCOS differ across geographical locations within the US.
Conclusion
Despite these limitations, findings from this cross-sectional study provide groundwork for further research in this area. A future longitudinal cohort study would provide additional evidence about the temporal order between PCOS diagnosis and health-related beliefs. Few studies to date have identified potential psychosocial targets to improve attrition when designing weight loss interventions for PCOS. Our analyses support the conclusion that women with PCOS perceived themselves to be susceptible to adverse health outcomes and weight issues despite the adoption of healthy behaviors. A major theme emerging from this study is the importance of targeted diet and PA interventions for the PCOS population which addresses these unique perceptions. By directing multidisciplinary interventions to PCOS-specific issues, the high attrition in intervention studies and less engagement in self-help methods by patients may be addressed. Future studies are needed to examine how these psychosocial constructs can be successfully incorporated into targeted PCOS interventions with a multidisciplinary healthcare team. Additionally, the interaction between obesity and PCOS should be further examined to determine whether there are different psychosocial considerations across the adiposity spectrum in women with PCOS.
Supplementary data
Supplementary data are available at Human Reproduction Online. 
